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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
memory device where dynamic storage is allowed by a 
memory cell of a simple transistor. 
SOLUTION: A memory cell MC of 1 bit comprises one 
MIS transistor formed at a floating silicon layer. In 
addition to a first gate 13 for channel formation which is 
provided between a source 15 and a drain 14 of the MIS 
transistor, a second gate 20 is provided whose electric 
potential is fixed for controlling the electric potential of 
the silicon layer 1 2 by capacity coupling. The MIS 
transistor dynamically stores a first data status wherein 
impact-ionization takes place near a drain junction to set 
the silicon layer 12 to a first electric potential, and a 
second data status wherein a forward current is allowed 
to flow the drain junction to set the silicon layer 12 to a 
second electric potential. 
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[0 0 4 4] [*Jfi©}^J8l] 019tt. dWiSig©!! 
*2|s:^ji«, 01 tl^^tT-abO, 01 

is.^mt. ^r^jumm^n^f^i <oy- h i 3 
T^a^-e-f 2 ©y- h 2 0 Tjig^^t^ 1 1 (caj6)A 
i©y-h 1 3ffli®y-hjf6iftjKi eti^ciKJifr 

[0 0 4 5] ^i^«-fe:JP7U"f;WfiK-r?«, ^(C|ft?gT-i. 
J;5fC, Hiwy-M 3«'7-h*MtbTSIi^69tJ^ 

fiE^n. ^2(75y-h2 o(i^ntMff-r-5sa^i:bT 
lais^n-s, SI2 wy- 1> 2 0 fc«. 

[0 0 4 6] mm(Dmmi 2 ] 0 2 0 gijcsiss©}^ 

mt^fSiK) z:<Dmm<Dmm-vit, ii2©y-h2o«, 

*A*--r-5j:3{c*ji©y- h (A'-yi^yu— s) 
TiBis^n-So ^cD#;l^«iti■rn^^, $^2 coy- h 2 

OtMl ©y— h 1 3 ®{5S-g-t>-e-dS^MT* 0 . MM 

[oo47]ife{c. ±mhrcmmo)mmi, 2od.dra 
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mi ®y- h 1 sffliicoy- hifeift^i e tiiii; i o nm 

[0 04 8]gl21«. "0" 5"— ^»#J^:^^>-t. ^CO 

2ttlMi;<« "1" 5='-^'»#i2>*<i:, ^ro^ro^^-^ 

[0 0 4 9] 0 2 1SlT/02 2{c43tiT. "0"«€rii 
(^SUt 3) W7i?5^-<'affi56«VB = -0. 8 2 

V, " 1 " m^'^^i^^oi^'T'f mmfi^r b = o . 8 4 
(i^^Jt 6) -rr«, "0" «€r)ii^-fe;i^« 

4?5^^«fiC**VB = - 1. 9 8 V, " 1 " ll#i?ii^-t;l' 

©jH5^^mfiL*^vB = - 0. 8 6 v-e$>o> -^-roStt 

1. 1 2 V<i:;ftoTV>-&. dtltt. 5fe««2^DRAM-tr 
[0050] H23tt> 018 Izn^^^iiX. f^M t 6 

- 1 7 (D'f—sf^^mi^nmz^if^ "o" y'-is^oiv 

^t^fllSffiVthOt "1" 7^— rJ'Wb^VifflSffiV t 
h 1 Sr -€-COB#KCO H U"f >^SiE I d s ty 

"0" y'—^a^h^^^mmKV t h 0 t " 1 " 5^— ^(D 
b^ViffimffiV t h 1 CDMA V t hH. AVth=0. 

T, " 0 " . "1 " y^-ffo^r^-eiz^faim^mm ^ n 

[0 0 5 1] 0 2 4«, 01 9©DRAM-fe;HtjgS:ffl 

^. 02 5tt02 4roA-A' Rt/tB-B* BfST* 
■5,^1 «y— his t^U— K^WL 1 t LT— 

mmmizmi^-^n. cn\znit^\^x. m2®y-h2o 

^ftl^o •fib. '7-H;^WL 2tttfrKe<75J;-5(C«eH^ 
$n^. ^©teWi^^fitt. 03B:O^04tC^b^c**D 
RAM-fe;KO«-&tl^#-r*»3. 4 F2®-ir;i/ffi«Sr* 

[0 0 5 2} ±K!!t7)<t3(C. DRAM-t:;l/C9il?5^'C 

fi:&@:tf scittcio. "0". "1" 
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cin«. ii)V7V"f<D^-vmumu "o" =r 

^-fe;KD7^-5'«Jtttffit?«3j?5='wB-(a^£:, "0" t'- 
[0 0 5 3] fiP^, t'>y hilS»C*iigigK$nTHSDR 

AM-fe;t/w5-fe, mw7-Ym-^±M-(:z.n\zi:.K>wsK 

•5. Sfc. A*-:/^^y-h^t.ittA-vi'yi/— hT3j^5^^• 
[0 0 5 4] £t±(OC:t*^^, mi®y-htm2Wy 

coy- h 2 0 i u n >M 1 2 ©raiwB 2 wy— hjfiigi 

20 1^1 9(DM»*, ^l<Oy-h 1 3 t->'Jn>gl 2® 

PbIW^ 1 wy- hiteiBi)^ 1 6 t«P«TS3S<ti- 
n«<fci.i. dW.iicSr^SiSrbfcSISSWJ^ffiSrJE^TlClJi?^ 

[0 0 5 5] imm<Dmm3'i 02 eta. ^(D<t;^iiiig 

Tt^^, ±taiiig©}^^i. 2-ett. miwy-hi3 

mmi 9^^cmmthtz(oizMvx:i(Dmmo)mm-v 
tt. m 1 ®y- h 1 3 fflijwy- hjfi^i^ 1 6 ©sgjp 1 

30 2. 5nm{CjttbT, m2«)y-N2 Offldwy— hiffiig: 
^19^37. 5 nmtil< bTti?). 

[0 0 5 6] ^COffiroT^/N'-f X^fr$r$fe®3l*ScOJ^ffi« 
^^tl^btbT. ^■©Sa.W— >3 >^mS:0 2 7B: 
Uf02 8t'*-r. (lb. y-KISJgfi (Vg) 

V, t'— 5'^i$B#C0L^^;US:-0. SVtbTI/iS. 
02 7T«, »#j2=«-itaj&^e.®«C![^{k®i^*bTVi 
*fe02 9tt, x-^'«jt4*ffi*>e.^-3?M*mb 
(Dm(D-ii)l(D F k-f >m8S I d s ty— h^ffiV g s « 
40 II^Sr^bTl^i^). 

[0 0 5 7] 02 9©i!e«*^e), "0" 5^— ^'.t "1" 
7^— ^'(73b#ViMS)£(0^tt. AVth=0. 6 2Vr 

tt/h^ < mi ®y- hffl!l©^S*tffl^*«Il'm 2 

wy- N{BiJcD^«J;0:*c^<;&:^fciie), 

itiii£r/hS<-r-£>c:i:lC«i:(3. h ^ >>'X:$'®WBE(CJ:-5 

[0 0 5 8] [mm<Dmm 4 ] 0 3 0 s'j© jiss©?^ 

50 HtCji^DRAM-feJUTW-f CDU-f T-j? h<lr^b. 0 3 
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i«-5-coA-A' »f®*^bTi/>^o :ic:STcoSISficD 

(Dm&(DmmT}i^. \^^t)^^SGT (surround 
ing Gate Transistor) m^^mm 

S h :^ > tCcfc 0 D R AMir;USrJ|gj5!c-r 
[0 0 5 9] v'U3>S«l OJC«. RIEfCctO. «SE 

3 1 (?)»f®fc*5ViT. ftiyc>U:3>3 O(Z)P0TtC3SS{cffl 

0. ^»t-Stt4^v'Ua>3 0<DFBl'Trl»ST'5Siyc^>U 
:3>3 Ofc*fbTfflSUfcy-hm<hbTi)^SWgi$$ 

1. ^2(D^-hl3, 2 0\t^n^tl. mi. ^2(0 

»7-K»wLi, wL2hvxmmmiz/'^^->m^'^ 20 

[0 0 6 0] tt*fe'>Un>3 OCD±S(Cn^Kl/-r >J£ 

y-xs£tfi:ei 5:;&^*?^^[K$ti^o z.njfZ^D. ^^^^^ 

m^]}<^titimmz\i^mmmmmi7f)mi&^n. zkd 

t>, m2(D^-h2o\zm^m&^^^x. 9c(D^mm 
(Dmmtmm(Dmi^:^^T-^^o 30 
[0 0 6 1 ] [mmcomm 5 ] ^ 3 2 ti. m\zwi<Dmm 
(omwAz^ ^i^RAM^ jmm^. mi 9m^\^m2 0 

ocDm^tmi im(D^mmzmmm<Dvmmmm^m 

mLTz.ti^m2(Dy-h 2 0 ti.x\^^^o ^(onmo) 
mm\z^-:>x^9c(D^^m(ommhnm(Dmm^x^ 

[0 0 6 2] zLz.^x(om:m(Dmmx\'^. mi<D^-h 40 

gLTi^i^o ip^> mi 9, 02 0, EI3 2<omm<Dm 
mx\^. ^^^)nymi2(o±.T\zmiiSLnm2(o^~h 
1, 2o^gEeL. ^3 0, m3 i(Dnm(^mmx\^^ 

V U n >0D 3 0 c^MWSfcm 1 SlUW, 2 oy- h i 
3, 2 0<^BaSLT(.^^o b;<i^b^l, ^2(D^r-hcD 

Mm.\t:in^(DmM(DmWt\zwi^t\fs.^^. m7i.\i. m\z 
\-t^^u^^f)^. '^m^m(Dmi(D^-'hf)m\^T^'mt 
m.^^^m\z'm2(D^-h^n\p\^^^^o\z. 
\z:^^y)±:)v^^mr^m^^m^mzm2(o^*-h^ 50 
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mmrr^z.h%x^^o 

[0 0 6 3] 

mm(Dmm ^j.±^m^t:i^o\zz.(Dmn\z^ti\t. - 

4F2i:/h$<t- >5C:t;^^T#-5o h^>>?x^^CDy- 

xtis^mffitcg^^^ti. \^u^y\zmm.^nti\i-jh 
mt.^-h\zmm^ntzy-\^mi(Dumo:>^\z^r>x. 

•So h^yi^y.^(Di^y'^\Zl^\^\^:^'m2(D^-h\Z 

"0" . "1" ^-^^cob€fViffi«^M^:fc#<'rsii 

[01] ;iC0SSggfCctSDRAM-fe;K3!)S*«it^^-r 

[0 2] |tlDRAMir;K7)#ffilElSS'r*'E>o 
[03] I^DRAM(^;>C^Uir;PTU-r<5DI/-r T^i? 

[04] 03<Z)A-A' :S:tJCB-B' »f®0TfeSo 

[0 5] [fflDRAMir;^^^^— H*l«^<hy^;^^Sfia) 

9i«*^-r0T*^o 

[06] I^DRAM-fe;K^Sg^tBl.^^^ittHJ-r'Sfcie) 
CO0Tfe^o 

[0 7] I^DRAM-fe;KDffi(7)M^tt5b^^<&i5i0Jt* ^ 
;t 66 (^0^^-50 
[08] [^DRAM(D "1" "f—^m^&iV/^JyUy 

>^n.(Dm^i^m^fk'rmx$>^. 

[09] I^DRAMO) "0" 'f—^m^mL'/^)yU^:; 
[010] PIDRAM<7) "1" ^^M^ttlU/ "0" 
[011] (1IDRAMC7) "0" 'y'—'^m^mi^/ "1" 
[012] IWIDRAMCDfi&0!)^^tBU^iCtCcfc'5 "1" 

v^—'S^m^^i./^)yuvz^=L(Dmv^&m^7rctmx& 

So 

[01 3] |WIDRAMa)ffi(^^^aiL^S;tCj:S "0" 

So 

[014] (WIDRAMCr)ffiC7)^^aiL;5S:tCj;S "1" 
[01 5] I^DRAM<7)ffia)^^mL:?^S:{-cfcS "0" 

^-^^^ttiu/ "1" "T-i^m^i^^cDm^ikm^m 
-r0T*So 

[016] [MDRAMir;K7) "0" m^iL^/m^^x^ 
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7] |flDRAM-ir;K^ "1" 9^ii<^Xm^liiL 

-So 

[lai 8] l^v^zLlz-va >{CJ;^ "0" , "1" 5^ 

[02 1] |^DRAMir;K7) "0" »#i^^/M^tBb 

[02 2] |WIDRAM-tr;i/(7) "1" *#iZ^^/i!^mb 

[02 3] IwlS/^jxU— v'H >tc:cfc^ "0" , " 1" ^ 
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[02 6] m(Dnm(Dmm\z^^DRAM'ii)V(Dmm^ 
[02 7] i^DRAM-t:;i/CD "0" m^i^^/m^thi. 

[02 8] |^DRAMir;K7) "1" ^i2i^/it^ai b 
10 [02 9] I^S/^^U— S/3 >{Ccfc^ "0" , "1" 5^ 

-r0Tfe^o 

[03 0] ffi<^mfi<^JglitC<i:SDRAM'fe;US:ffl(.ifc 

[03 1] 03 o(DA-A' mmmx-$>^o 

[03 2] <fiO|liffi(©fl^litC«tSDRAM-fe;K7)«jfi* 

[??^oia0j] 

1 0->-Un>»1S. 1 i-vUa>^<t:m. i2-p 
[02 4] 01 9CDDRAM'fe;U^ffll^;^ir;i/TU'-f (7) 20 ^>'ij=i>®, 1 3-^lC0y-h> 14-HU-f>lK 

ix-fT^hTfe^o tiJi. 1 5-v~;^lttStB. 2 o-m2a)y-ho 

[02 5] 02 4(^A-A' S:rjCB-B' »f®0Tfe * 



[01] 



[0 2] 



[03] 



A 








n. 

Pi 


-B 


WL 


\= 


WL 

X 


LVJ 


WL 






i 


























li 






































( 






14 






































1 








14 








































13 


1 u 




l^J 

13 




w 

13 




L^J 

13 







A* 



mi] 



(a) 



(b) 
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II 3] 



14] 



"^0" r oad/r afresh 



"'1''read/"0"write 



t t t 
tl t2 t3 





0' r ead/" 1 " wr i te 
WL 



1 5] 



V=3 



t t t 

tl t2 t3 




t 

t4 



II 6] 



''0"writiB/read 




-/-;iOOmV 



tO(0) t1(5ns) / t3(15ns) / t5(25ns) / t7»5ns) 
t2(10na) t4(20n8) t6(30ns} 



117] 



"1 "write/read 



2V 
IV 

I- 

-IV 
-2V 



r« ■ ■ »i 1 




































( 








mv// 










VB 



































tO(0) tUSns) I t3(15ns) ^ t5(25ns) / t7(35ns) 
t2(10ns) t4C20ns) t6(30n8) 



[018] 

Drain CurrentCW/L=0.175um/0.35um)@VdG=0.2V 



5.0QE-0.6 










4.50M.6 










4.00E-O.6 










3.50E-O.6 








■ 


3.00E-0.6 










2 2.50E-0.e 










€ 2.00E-0.6 










1.50E-a6 








■ 


1.00E-a6 






■ 




5.00E-07 






■ 




O.OOE-KK) 


-• 


■ ■ ■ ■ ■ l( 






-5.C0E-07 












^JL 1.4 


1.8 


1.8 2 


1 






Vgs [volts] 





♦ W8<"0" 7*-^) 
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[2 1] 



''0"wrTtB/rBad 




•3V ■ ' 1 \ 1 ■ : I 

tO(0) tl(5ns) ( taClBns) ( t5(25ns) ( t7(35ns) 
t2(l0ns) t4<20na) tWSOns) 



[02 2] 



"rwrita/read 



3V 
2V 
IV 

ov 

-IV 
-2V 
-3V 





















Vg- 
















VB 





































t2(l0ns) t4(20ns) 



, t7(35ns) 
tSCSOns) 



[02 3] 



[S2 4] 



Drain Current(W/L=3.5um/0.175um)9Vd8=0.2V 
1.80E-a5 
1.60E-05 




1.5 2 as 

Vga [volta] 



A 



WL1 
WL2 



WL1 
WL2 



WL1 
WL2 



WLl 
WL2 



X 



14 



14 



14 Jrt-| 14 pi-| 



13^0 ^B' 



13,20 



13.20 



13.20 



A' 

^18 



^18 



^18 



18 



(14) 



4$ga2 0 0 2-2 4 6 5 7 1 



[EI2 5] [02 6] 




[02 7] 



**0"write/read 




tOCOns) 



t2(10ns) 
tICSns) t3(15n8) 



t4(20n8) 




-3V' ■ 1 • 

toco) tKSns) ( 13(1 5ns) 

t2Cl0n&) t4(20ns) 
B» H 



t5(25na) ( t7(35ns) 
teOOns) 



[03 0] 



[BI2 9] 

Drain Cumsnt(W/L=0.1 75ij/0.35u)eVds=O^ 
7 00E-O8 



60QE-06 
500E-Oe 
g 400E'K)6 
J 3O0E-O8 
" 2 0aE-06 - 
1 00E-C6 - 
OOOEfOO 
-100E-08 



• lds(-0- x-^) 
■ IdsCI- 7^-4^) 



1 1Z 16 20 24 2.8 
Vgs [volts] 



BL 



BL 



WL2 30 WU WLl 30 WL2 33 WL1 



30 



30 



30 



20 



13 



30 



30 



30 



M8 



-^18 



20 



13 
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[03 1] [03 2] 




(51) Int. CI. 7 msm^ F I f-73"K (##) 

HOIL 27/10 6 8 IE 

F^'-A(##) 5F083 AD02 AD06 AD69 GA09 GAll 
HA02 NAOl ZA19 
5M024 AA37 AA58 AA70 BB02 BB35 
BB36 CC20 CC22 CC70 HHOl 
HH13 LL04 LLll PP03 PP04 
PP05 PP07 PP09 PPIO 



